Abstract-Modern days, a robot can be designed based on human needs. In particular, the line tracking robot is a classic introductory robot design and needs minimal amount of material and cost. The aim of this project is to construct a robot that has capability to follow the white line placed on a horizontal smooth surface lighted by LED and the low cost light dependant resistor as the sensor. Rigorous analysis has been applied to determine the optimal configuration for the sensor on the mobile robot. Our findings show that angle of LDR of 30°, the distance between LDR and LED of 2.5cm and height of 2cm is the best configuration. The line tracking robot will detect the light intensity that is rebounded from the white color path.
I. INTRODUCTION
A mobile robot is an automatic machine that is capable of moving in a given environment. Mobile robots have the capability to perform self-controlled travel and are not fixed to one physical location [10, 12] . Mobile robots are considered as a great deal of current researches and in almost every major university has one or more labs which focus on mobile robot researches [5] . Mobile robots are also utilized in technical areas which include autopilot, fixed-line operations, industry, military and security environments [8, 11] .
The robots pick up the path information through sensors, execute optimal algorithm processing to the path information, and control the robot body to travel at certain acceleration, speed and angle to complete an operation [11] . For the sensors, there are plenty of options vary according to price and accuracy [1, 2] . In particular for line tracking robot, optical sensor like infrared sensor and light dependant resistor (LDR) are used to serve this purpose [1, 3, 4] .
In this paper, we designed a line tracking mobile robot with the LDR as the line sensors. LDR devices were used to detect and discriminate the line (colored in white) from the background in comparison to work in [4] . Previous work which used LDR device in the line-tracking robot were looking at a specific problem related to the junction in the path and utilized LDR sensor array to address it. In comparison to our work, we have chosen 2 pairs of LED-LDR and extensive study has been conducted to determine the optimal configuration of the LDR on the mobile robot in terms of height of the LDR from the floor, facing angle of the LDR and distance between LED and LDR. Finally, we implemented a simple rule-based algorithm for the navigation of the robot.
From the previous papers that have been reviewed, most of them used PIC16F877A. The advancement of technology has caused PIC16F877A to be replaced by PIC16F887 which provide more features and advantages such as precision internal oscillator, low power operation, and 10-bit 14 channel analog-to-digital converter (A/D) [5] . Besides that, details or analysis of LDR sources are rarely to be found because most line tracking robot uses IR sensor configuration [4] .
The paper is organized as the following. In section 2, the hardware and algorithm design for the mobile robot will be presented. The study on the positioning of the LDR devices on the mobile robot and experimental results will be described in Section 3. Finally the conclusion will be presented in Section 4.
II. HARDWARE AND SOFTWARE DESIGN FOR THE MOBILE
ROBOT An easy way to comply with the conference paper formatting requirements is to use this document as a template and simply type your text into it.
A. Hardware Design
Generally, this robot is formed by three important components which are two LDRs, microcontroller PIC16F887 and two stepper motor. Firstly, the LDRs play an important role in detecting the line/track via the guidance light. Next, the microcontroller which is PIC16F887 will process the signal collected from the LDR sensors and execute algorithm based on the sensor information before sending control signals to the stepper motor driver ULN2003A. The sequence of control signals send to ULN2003A will determine whether the robot is to move forward, brake, turning left or tuning right.
B. Software Design
From the flow-chart shown in Figure 2 , the line tracking robot can perform four movements which are moving forward, left turn, right turn and brake based on the rule-based algorithm. When both of the LDRs sense a bright condition, the right stepper motor will rotate clockwise, while the left stepper motor will rotate anti-clockwise, this resulted in the robot to perform forward movement. When the right LDR senses bright condition while the left LDR senses a dark condition, both right and left stepper motors will rotate anticlockwise, for the robot to perform a right turn. When the right LDR senses a dark condition and the left LDR senses bright condition, both right and left stepper motors will rotate clockwise resulting in the robot to perform left turn movement. When both of the LDRs sense dark condition, both right and left stepper motors will stop rotating and the robot stops. III. LIGHT DEPENDANT RESISTOR DEVICE STUDY LDRs are made of semiconductors as light sensitive materials, on an isolating base. The most common semiconductors used in this LDR structure are cadmium sulphide, lead sulphide, germanium, silicon and gallium arsenide [6] . The aim of this section is to study the response of the LDR to the white line illuminated with super bright LED light. The purpose of this analysis is determine the optimal configuration of the LDR for the robot to detect and discriminate the line (colored in white) from the background on the horizontal surface illuminated by the LED.
The LDR devices configurations are the height of the LDR devices from the horizontal surface (measured in cm), the facing angle of the LDR device to the illuminated light on the horizontal surface (measured in degrees) and the distance between LDR device with the LED source (measured in cm). For the facing angle, we assume that LDR facing downwards to the horizontal surface as 0 degrees.
To study the response of the LDR to LED lighting stimulus, the LDR connection structure is designed as a voltage divider circuit which composed by one 10 kΩ series resistor, one LDR and power supply 5V. The voltage response of the LDR is measured by the voltage drop on the series resistor using a multimeter given by equation (1) .
Three experiments were conducted and for each experiment, it was repeated three times and average values of the readings are reported. In all the experiments, we consider white line made of paper and ambient room lighting.
A. Response of the voltage drop to the height of the LDR from the horizontal surface
In this experiment, the distance of LDR with LED light source is fixed to 6cm and LDR facing angle is fixed to 0 degrees in order to study the voltage response of the LDR to the height of the LDR from the horizontal surface. Figure 3 shows the response of the voltage drop for two cases; ambient light with LED light source (with LED) and ambient light only (without LED). Generally, voltage drop for with LED condition is higher than the without LED condition due to the higher light intensity exposure to the LDR devices. It is also found that above 3cm height, both conditions are having very similar voltage drop value suggesting that lights illuminated from the LED is having less detected by the LDR device in with LED condition. It is shown in figure 4 that the voltage drop increases with the increase in LDR facing angle. As the facing angle increases, the LDR is closing in to face the light spot on the white line illuminated by the LED. 
C. Response of the voltage drop to the distance between LDR and LED
To study the response of the LDR to the distance between LDR and LED, height of the LDR and LED is fixed to 2.5cm from the floor. Here, we calculated the voltage drop difference between with LED (wled) condition and without LED (woled) condition as described in the equation (2) .
V difference = V wled -V woled (2) Figure 5 shows the result on the voltage drop difference across the distance between LED and LDR for three facing angles namely 30 o , 45 o and 60 o . The graph is showing a decreasing trend for all three facing angles as the distance increases suggesting that the LDR is sensing less light on white line on the floor surface illuminated by the LED. 60 o facing angle is having large voltage difference from the rest of the angle for all data points because of the LDR is facing closest to the illuminated light on the surface floor.
IV. CONCLUSIONS
In this paper, we have demonstrated our development work on the line-tracking mobile robot. Based on our thorough analysis on the LDR as the sensor for this robot, we have determined the optimum placement configuration for the LDR is at the angle of LDR of 30°, the distance between LDR and LED of 2.5cm and height of 2cm.
